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Summary

26
Acid soluble collagen (ASC) and pepsin soluble collagen (PSC) from the skin 27 of clown featherback (Chitala ornata) were isolated and characterised. Yields of ASC 28 and PSC were 27.64 and 44.63% (dry weight basis) with total collagen recovery of 29 82.08%. Both collagens contained glycine as the major amino acid with relatively 30 high content of proline, hydroxyproline and glutamic acid/glutamine. Nevertheless, 31 they had the low content of cysteine, histidine and tryrosine. The collagen was 32 characterised as type I, comprising (α1) 2 α2-heterotrimer. Pepsin-aided process did not 33 affect triple-helical structure of PSC as determined by FTIR spectra. Thermal 34 transition temperature of ASC (36.28 °C) was slightly higher than that of PSC (35.23 35
Introduction 41
Clown featherback (Chitala ornata) is freshwater fish, which is commonly 42 found in Thailand. It has been generally used for fish ball and fish cake production 43 since its muscle is white and has good gel forming ability. During the dressing, skins 44 (17-22% of total weight) are removed. The skins are rich in collagen (Foegeding et 45 al., 1996 , Wong 1989 ) and some proteins have been processed as the crispy fried fish 46 skin. However, the market value is still low. The production of high-valued products 47
Generally, collagen has been produced from bovine and porcine hides and 67 bones. Currently, the increasing attention of alternative sources for replacement of 68 mammalian collagen has been paid, especially fish processing by-products, due to the 69 requirement of halal product from Muslims and the consumer's safety concern for 70 bovine spongiform encephalopathy and bird flu, etc ( Pathumthani province, Thailand. The fresh skin packed in polyethylene bags (1 97 kg/bag) was placed in ice at a ratio of skin to ice of 1:2 (w/w) using a polystyrene box 98 as a container. The skin was transported to the Faculty of Agro-Industry, King 99
Mongkut's University of Technology North Bangkok, Prachinburi province by a car 100 within 4 h. Upon arrival, the skin was washed with cold tap water (≤10 °C). The 101 residual meat on the skin was removed by knife and washed with cold tap water. The 102 clean skin was cut into small pieces (approximately 1.0 x 1.0 cm 2 ) using a pair of 103 scissors. The prepared skin was placed in polyethylene bags (50-100 g/bag) and storedFirstly, the prepared skin was mixed with 0.1 M NaOH at a solid/alkali 114 solution ratio of 1:10 (w/v) to remove non-collagenous proteins. The mixture was 115 stirred for 6 h continuously using an overhead stirrer (model W20.n, IKA  -Werke 116
GmbH & CO.KG, Stanfen, Germany) at a speed of 250 rpm and the alkali solution 117 was changed every 2 h. Then, the pretreated skin was washed with cold tap water until 118 pH of wash water becames neutral or faintly basic. 119
To extract collagen, the pretreated skin was soaked in 0. 
Statistical analysis 230
The experiments were carried out in triplicate using three different lots of 231 samples. The difference between means were tested by T-test (Steel and Torrie 1980) . 232
The data were presented as means ± standard deviation. 233
234
Results and discussion
235
Yield and recovery of collagen 236
Yields of ASC and PSC from the skin of clown featherback were 27.6 and 237 44.6% (dry weight basis), corresponding to 9.5 and 15.3% (wet weight basis),respectively. ASC and PSC extracted from the skin of black carp showed the yield of 239 15.5 and 26.5% (dry weigh basis), respectively (Jia et al., 2012) . The differences in 240 yields obtained between fish species might be due to the differences in the skin 241 matrices and the distribution of alignment of component in the skin. The extractable 242 yield of collagen (ASC and PSC) from clown featherback skin (24.8%) was higher 243 than that from brownbanded bamboo shark skin (18.2%), blacktip shark cartilage 244 
Amino acid composition 258
Amino acid composition of ASC and PSC from the skin of clown featherback 259 is shown in Table 1 . Glycine was found as the major amino acid (330-333 260 residues/1000 residues), followed by alanine (120-121 residues/1000 residues), 261 proline (117-118 residues/1000 residues), hydroxyproline (83-85 residues/100012 contents of cysteine (1 residue/1000 residues), histidine (4-5 residues/1000 residues) 264 and tyrosine (2-3 residues/1000 residues) were observed. Their amino acid 265 compositions were generally in agreement with those of fish skin collagen from other 266 fish species (Wang et al., 2014, Sinthusamran et al., 2013, Singh et al., 2011) . When 267 comparing amino acid compositions, it was found that ASC had higher glutamic 268 acid/glutamine and threonine. On the other hand, PSC showed the higher aspartic 269 acid/asparagine, lysine and serine than ASC. This was more likely governed by the 270 removal of some part of teleopeptide by pepsin. Glycine represents nearly one-third of 271 the total residues, and it is distributed uniformly at every third position throughout 272 most of the collagen molecule. The repetitive occurrence of glycine is absent in the 273 first 14 amino acid residues from the N-terminus and the first 10 amino acid residues 274 from the C-terminus, in which these end portions are termed "telopeptides" 275 (Foegeding et al., 1996) . Regenstein and Zhou (2007) reported that the presence of 276 glycine at every three residues is a critical requirement for the collagen super-helix 277 structure. Moreover, the imino acid content (proline and hydroxyproline) are 278 important for the structural integrity of collagen. The presence of proline stabilises the 279 helix structure by preventing rotation of the N-C bond. Hydroxyproline also stabilises 280 the collagen molecule (Foegeding et al., 1996) . The imino acid content of both 281 collagens (201-202 residues/1000 residues) was slightly difference with that of 282 tropical fish, such as striped catfish skin (201-202 residues/1000 residues) and higher 283 than that of collagen from cold water fish, such as cod skin (154 residues/1000 284 residues) and bighead carp skin (165 residues/1000 residues) (Liu et al. 
